Objective To estimate the association between the intensity of animal infection with Schistosoma japonicum and human infection in Western Samar province, the Philippines. Methods We conducted an observational cross-sectional study of 1425 households in 50 villages. Stool samples were collected on each of 1-3 days from 5623 humans, 1275 cats, 1189 dogs, 1899 pigs, 663 rats and 873 water buffalo. Intensity of infection with S. japonicum was measured by the number of eggs per gram (EPG). Egg counts were done using the Kato-Katz method. We used a Bayesian hierarchical cumulative logit model, with adjustments for age, sex, occupation and measurement error. Findings The adjusted proportions of humans lightly infected (classified as 1-100 EPG) was 17.7% (95% Bayesian credible interval = 15.3-20.2%); the proportion classified as at least moderately infected (>100 EPG) was 3.2% (2.2-4.6%). The crude parasitological results for animals indicated that 37 cats (2.9%), 228 dogs (19.2%), 39 pigs (2.1%), 199 rats (30.0%) and 28 water buffalo (3.2%) were infected. In univariate analyses the odds ratios corresponding to a unit increase in the mean number of EPG at the village-level in dogs was 1.05 (1.01-1.09), in cats 1.35 (1.02-1.78), in pigs 1. 16 (0.24-5.18) and in rats 1.00 (1.00-1.01). Mean EPG values in cats, dogs, pigs and rats were correlated with one another. This confounding made interpreting the odds ratios difficult, but the odds ratios for dogs and cats were more consistent. Conclusion S. japonicum is endemic in areas of the Philippines despite implementation of control programmes. This may be due to the association of infections in dogs and cats with human infections. Infection control in dogs and cats is challenging, and there is a need to develop new methods to control transmission across all species. Voir page 450 le résumé en français. En la página 450 figura un resumen en español.
Introduction
Schistosomiasis affects 200 million people in 74 countries worldwide; 120 million of these are symptomatic and 20 million have severe disease. 1 Unlike the other three schistosome species aff f fecting humans, Schistosoma japonicum is a true zoonosis, infecting 46 species of mammals, including humans, all of which are definitive hosts necessary for transmitting the infection. [2] [3] [4] S. japonicum is endemic in China, parts of Indonesia and the Philippines. 5 These parasites are found in the 22 provinces in the Philippines that do not have a definite dry season; this leads to continual transmission. 6, 7 Approximately
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Stephen 6 .7 million people live in endemic areas in the Philippines. 8 Transmission to humans requires that they come in contact with fresh water colonized by amphibian snail hosts (Oncomelania hupensis quadrasi) that have become infected with S. japonicum through contamination by faeces from infected mammals. 9 Pigs, dogs, cats, rats, cows and water buffalo may become infected and may potentially play a role in the transmission of S. japonicum to humans, 6, 10, 11 but the association between infection levels in animals and humans has not yet been estimated.
An ecological study conducted in China used simple correlation methods to estimate the association between the prevalence of S. japonicum in water buff f falo and that in humans over 10 years. The researchers assumed that all obserf f vations were independent, which is a questionable assumption that may have resulted in biased estimates. 12 The objective of our study was to estimate the strength of the association between the intensity of S. japonicum infection in animals and humans across 50 villages in the province of Western Samar, the Philippines. 
Methods

Study design and location
Selection of study villages
Of the 133 villages, 25 with predomif f nantly rainffed farms and 25 with manf made irrigation systems were chosen for the primary objective of determining the effect of irrigation on transmission of S. japonicum. The following steps were taken to select these 50 villages. A total of 58 villages were excluded because: 3 were inaccessible; 5 had fewer than 50 households; and 15 were near the coast or urban areas where there was little rice farming, leaving 75 villages. Based on the information from farmers or village leaders as to which type of irrigation systems were used, we selected the 25 rainffed villages and 25 irrigated villages that formed the study villages.
Selection of participants
Thirtyffive eligible households were randomly selected within each village. Households had to have at least five members to be eligible for participation. Households that declined to particif f pate were replaced by the next available household on the list. A maximum of six participants were selected from each household. Five individuals in the housef f hold were selected at random in addition to at least one randomly selected fullf time farmer. If the household contained fewer than six individuals, all members were recruited. A sociodemographic interview was held with each participant and it provided data on age, sex, ocf f cupation and health history regarding schistosomiasis.
Selection of animals
In the first 10 villages, all animals from each species belonging to different ownf f ers were selected. In the next 40 villages, an animal census determined the numf f ber of animals of each species in each household, and a random sample of households was generated for each spef f cies. If an animal could not be sampled, the next household was selected. To colf f lect stools, dogs were tethered and pupf f pies and cats were placed in cages and allowed to defecate. Intrarectal sampling was used for pigs and water buffalo.
In each village 30 rat traps were set for 3 days, with the trap location changf f ing daily. Rats were kept in traps for three days and faecal samples were collected from the floor of the cage.
Measurement of human infection
Our goal was to collect three faecal specif f mens from all participants during a 5fday period. Two 50 mg Kato-Katz slides were prepared on site from each daily faecal specimen; these were refrigerated and read by trained medical technicians every 1-2 days.
14 For each participant each day, the average number of eggs from two slides was multiplied by 20 to obtain a measurement of eggs per gram (EPG).
Measurement of animal infection
Faecal samples from animals were put in insulated boxes with ice and processed for reading once a week. The Danish Bilharziasis Laboratory method was used to assay the samples and estimate EPG. 15, 16 The goal was to collect at least two faecal specimens from each animal. This was based on our pilot work demonf f strating that 2 days of sampling provided sufficient sensitivity. 16 
Statistical analyses
We used a Bayesian threefoutcome category cumulative logistic regression model with a hierarchical (random eff f fects) component. 17 The outcome data consisted of EPG counts taken from 1-3 days for each of our human participants and clustered within villages. We defined three classifications for EPG levels: parf f ticipants with 0 EPG were classified as uninfected; those with 1-100 EPG were classified as having a light infection; and those with >100 EPG had moderate to heavy infection. The odds ratio (OR) from this model estimates the odds of humans being in any infection class compared with the odds of not being inf f fected. Based on the EPG results for each participant over 3 days, we estimated the probability that each participant's true infection status fell within each of these categories of EPG counts.
The first level of our hierarchical cumulative logit model estimates the true category of EPG count for each human participant and includes a random intercept parameter, with one intercept parameter for each village, as well as independent variables for ocf f cupation (working full time on a rice farm, working part time on a rice farm, working on a farm but not a rice farm, not working on a farm, may work on a farm), age (0-10 years, >10 to <40 years, >40 years), sex, and an interaction between age and sex. At the second level of our hierarchical model, the intercept parameters from each of our 50 villages were modelled as a linear regression, with independent variables including mean EPG counts within each species of animal within each village. At the third level of our hierarchical model, we specified prior distributions for all unknown parameters. All regression coefficient parameters were given normal distribution priors, centred at 0 and with variance of 10 000. All standard deviation parameters were given uniform prior distributions over the range from 0 to 20. We used beta prior distributions to adjust our analyses for the imperfect senf f sitivity and specificity of the Kato-Katz methods. The priors used were slight modifications from our earlier work. 17 Here we used a beta distribution (17.3, 0.96) for the specificity of this test, which has a 95% range of 0.84-1.0, meaning that we are quite certain, a priori, that the specificity of this test is at least 84%. Similarly, we used a beta distribution (12.6, 10.7) for the sensitivity of the test in detecting light infections, which has an a priori range of 0.34-0.74. Finally, we used a beta distribution (5.5, 1.8) with a 95% a priori range of 0.47-0.99 for the sensitivity of moderateftofheavy infection. The above sensitivities and specificities provide the probabilities for correct classification, but in each case classification errors must be further subf f divided, since there are three categories rather than two. Hence, when an error is made (for example, when a participant who is truly negative tests positive) there are two possible errors (for example, 1 specificity must be divided into light or moderate/heavy errors). We used three independent uniform prior distributions for these subdividing probabilities.
To best represent the potential contribution of each animal species to villageflevel environmental contaminaf f tion intensity, we used the mean EPG for each species. We chose this approach assuming that any egg from any definif f tive host species may contribute equally to environmental contamination.
We ran various models, including models with mean EPG values for each species separately, models with mean EPG values from more than one spef f cies at a time, and models including or excluding the census numbers of each species within each village. Since all ref f sults from models with or without census numbers produced similar conclusions, we present results only from models with mean EPG per animal species. We also report Spearman's correlation coeff f ficients (with 95% confidence intervals) calculated between the withinfvillage mean EPG of the different animal spef f cies across villages.
Ethical approval
The chiefs of all villages were asked perf f mission for the village to be included in the study. In addition, all eligible particif f pants and owners of sampled domestic animals were asked for their consent to participate. The crossfsectional survey was followed by a mass treatment campaign in all study villages, which was coordif f nated by the National Schistosomiasis Control programme. The project was approved by the ethical boards of the Research Institute for Tropical Medicine, the Danish Bilharziasis Laboratory and Brown University.
Findings
A total of 1425 households were inf f cluded in the study; 132 of these were replacements for originally selected household that were unable to particif f pate. A total of 6917 individual members of the participating households agreed to participate, corresponding to an average of 28.5 households per village and 4.1 members per household per village. At least one stool sample was provided by 5623 individuals (81.3%). Stool samples from 1189 dogs, 1274 cats, 1899 pigs, 873 water buffalo and 663 rats were colf f lected on each of 1-3 days. These corref f spond to 24% of the census of dogs, 28% of cats, 36% of pigs and 50% of water buffalo taken before the study began. No rat census was conducted. Table 1 summarizes the statistics for the proportion of humans infected with 1-100 EPG and those infected with >100 EPG, unadjusted for measurement error. It also shows the crude mean EPG per animal species, measured at village level. Table 1 clearly shows a large intervillage variation in the levels of infection in all mammals, including humans. The estimated (true) proportion of humans lightly infected was 17.7% (95% Bayesian credible interval = 15.3-20.2%); and the estimate of those who were at least moderately infected was 3.2% (2.2-4.6%). The Kato-Katz analysis of one stool sample had good estimated specificity: the average probability of being classified as not infected was 99.3% (98.8-99.8%) when not infected. However, the average probability of being classified as not infected when lightly infected was 57.6% (51.9% to 63.8%); for being classified as not infected when at least moderately infected it was 12.0% (4.7-20.5%). In addition, the average probability of being classified as lightly infected was 26.0% (17.2-35.3%) when at least moderately infected.
In 14 villages we found at least one infected cat; in 37 villages we found at least one infected dog; in 17 villages we found at least one infected pig; in 33 villages we found at least one infected rat; and in 11 villages we found at least one infected water buffalo. A total of 37 cats (2.9%), 228 dogs (19.2%), 39 pigs (2.1%), 199 rats (30.09%) and 28 water buffalo (3.2%) -with 12 water buffalo found in one village -tested positive for S. japonicum. Infection in water buff f falo, cats and pigs was rare, with crude prevalences of less than 4%. Table 2 shows Spearman's correlaf f tion coefficients (with 95% confidence intervals) calculated across villages bef f tween the withinfvillage mean EPG of the different animal species. The mean EPG for dogs was significantly corref f lated with that of cats; it was marginally associated with that of rats ( Table 2) . Even though the confidence intervals are wide, the observed correlations suggest some associations in mean EPG among cats, pigs and rats. The mean EPG of water buffalo was not associated with that in any other animals.
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In univariate models, the ORs for human infection for a unit increase in the villageflevel mean EPG of cats and dogs were 1.36 (95% credible interval = 1.02-1.78) for cats and 1.05 (95% credf f ible interval = 1.01-1.09) for dogs (Table  3 ). There is no obvious association bef f tween human infection and mean EPG in rats. The association between mean EPG in pigs and human infection is diffif f cult to interpret due to the wide credible intervals. The associations between levels of animal EPG described above are ref f flected by a change in the point estimate or in wider 95% credible intervals for the ORs when more species are added to the model. This confounding effect of the mean EPG values among the different species makes the interpretation of the ORs difficult, even though the ORs for dogs and cats are more consistent and more precise.
We found that the irrigation status of the village had no effect on human inf f fection in models with the dichotomous irrigation variable, both as a potential confounder for the effect of animal inf f fection on human infection and also as a potential modifier of the effect of animal infection on human infection.
Discussion
Schistosomiasis japonica is theoretically the most difficult form of schistosomiaf f sis to control because of the extensive reservoirs of S. japonicum in domestic and wild animals. 18, 19 We found strong associations between the intensity of infection in cats and dogs and that in humans in Western Samar province, the Philippines. It is notable that the ORs represent the increased odds of human infection for each increase of 1 mean EPG at the village level for each animal species.
The associations among intensity of S. japonicum infection in dogs, cats and humans, and the correlation of infecf f tion between all mammals except water buffalo, suggest that either one strain of S. japonicum is capable of infecting all mammals or there are several strains able to coinfect species more or less equally. Our results suggest it is unlikely that there are speciesfspecific strains unable to coinfect other species. We are purf f suing molecular biological studies of genetic differences in S. japonicum obf f tained from different hosts to determine if this is the case. 20, 21 These crossfsectional analyses of the intensity of S. japonicum infection in humans and other mammals did not account for snail populations or infection parameters. It is possible that there are more snail colonies in villages with a higher intensity of infection in all mammals. This is to be expected because snails lie in the causal pathway between animal and human infection (and vice versa). Further analyses are needed to determine if the presence of infected snails and proportion of infecf f tion of O. quadrasi snail colonies are independently related to the intensity of infection among humans.
Only one ecological study in two Chinese counties estimated the relationf f ship between S. japonicum infection in animals and humans. 12 The correlation between the annual incidence of infecf f tion in humans and domestic animals over 10 years varied from 0.84 to 0.87. These correlations may be overestimates due to a lack of control for repeated meaf f surement over time. Indirect evidence of an association between animal infections and human infections was obtained from intervention studies in China where water buffalo and humans were treated for infection, sometimes in association with snailfcontrol measures. 1, 12 Unlike the findings from China, 22 we did not find any association between the intensity of infection in water buffalo and infection in humans nor did we find a correlation between the mean EPG in water buffalo and that in other animals. This may be due to the low prevalence of infection (3%) in water buffalo and the aggregation of almost half of these infected animals in one village. This suggests that the epidemiology of S. japonicum in mammals and its link to human infection is different in Western Samar province from that reported in China.
The strength of our study is that we used a sample size of 50 villages and sampled more than 650 animals of each species and more than 5600 huf f mans, allowing for variability in levels of infection between units of analysis. 
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We adjusted for the clustering of infecf f tion in humans at the village level, thus avoiding underestimating the variance of our estimates. We also adjusted for measurement errors in human infection. None of these approaches was used in prior studies of the link between animal infection with S. japonicum and human infection.
One limitation of our study is that we did not adjust for potential measuref f ment error in animal EPG counts. Most pigs and water buffalo were sampled on at least 2 days, which should provide a sensitivity of at least 95%. In dogs and cats, about onefquarter of the animals were sampled only once, giving a sensif f tivity of 67% for dogs and a sensitivity of 75% for cats. 16 It is unlikely that such an adjustment would modify our concluf f sions, but it might improve the accuracy of estimates of the associations between animal and human infections.
It could be argued that using the mean EPG per mammalian species within the village does not represent the skewed distribution of infection intensity in which most animals are not infected and a minority are heavily infected. Howf f ever, this approach best fulfils our goal of representing the villageflevel environf f mental contamination with the eggs of S. japonicum. Each egg releases miracidia that will infect snails regardless of which animal was initially infected. Using the mean EPG allows us to consider that each egg contributes equally to envif f ronmental contamination, regardless of which particular animal is infected.
S. japonicum is endemic in areas of the Philippines, and several years of control programmes have failed to eliminate it. This may be due in part to the fact that infection is also present in dogs and cats and their infection is associated with infection in humans. Controlling infections in dogs and cats is challenging, and other methods, such as targeting snail environments through modification of irrigation systems, may prove fruitful for controlling transmisf f sion across all species. Nevertheless, these crossfsectional results suggest there is a need to develop ways to treat infected cats and dogs as well as to implement populationfcontrol methods for these household and village animals. These findings derive from the baseline results of a 1fyear longitudinal study examining the impact of the incidence of animal infection on human infection after mass treatment of humans in 50 villages. Longitudinal models of S. japonicum transmission to humans resulting from animal infection, changes in snail numf f bers and proportions of infection, as well as irrigation and other farming practices should improve our understanding and may provide evidence for research into interventions and policies. O 00-1,01 ). Les valeurs moyennes de l'EPG chez les chats, les chiens, les porcs et les rats étaient corrélées entre elles. Ce facteur de confusion a rendu difficile l'interprétation des odds-ratios, mais on a constaté une plus grande stabilité entre les odds-ratios pour les chiens et les chats. Conclusion S. japonicum est endémique dans certaines zones des Philippines en dépit de la mise en oeuvre de programmes de lutte. Cette situation peut être due à l'association d'infestations canines et félines à des infestations humaines. La lutte contre l'infestation des chiens et des chats représente un vrai défi et il est nécessaire de mettre au point de nouvelles méthodes pour endiguer la transmission entre les espèces.
Resumen
Asociación transversal entre la intensidad de los casos de infección por Schistosoma japonicum en los animales y en el hombre en la provincia de Samar occidental, Filipinas Objetivo Estimar la relación entre la intensidad de las infecciones animales por Schistosoma japonicum y la de la infección humana correspondiente en la provincia de Samar occidental de Filipinas. Métodos Realizamos un estudio transversal observacional de 1425 hogares en 50 aldeas. Se recogieron muestras de heces de forma diaria durante 1-3 días en 5623 personas, 1275 gatos, 1189 perros, 1899 cerdos, 663 ratas y 873 búfalos de agua. La intensidad de la infección por S. japonicum se midió en función del número de huevos por gramo (HPG). Los recuentos de huevos se hicieron mediante el método de Kato-Katz, y utilizamos un modelo logit acumulativo jerárquico de tipo bayesiano, con ajustes para la edad, el sexo, la ocupación y el error de medición. Resultados La proporción ajustada de personas con infección ligera (1 -100 HPG) fue del 17,7% (intervalo creíble bayesiano del 95% = 15,3% -20,2%), y la proporción clasificada como afectada moderadamente (HPG > 100) fue del 3,2% (2,2% -4,6%). Los resultados parasitológicos brutos para los animales mostraron que estaban infectados 37 gatos (2,9%), 228 perros (19,2%), 39 cerdos (2,1%), 199 ratas (30,0%) y 28 búfalos de agua (3,2%). En los análisis con una variable las razones de posibilidades (OR) correspondientes a un aumento de una unidad del número medio de HPG a nivel de aldea fueron de 1,05 (1,01 -1,09) en los perros, 1,35 (1,02 -1,78) en los gatos, 1,16 (0,24 -5,18) en los cerdos, y 1,00 (1,00 -1,01) en las ratas. Los valores medios de HPG en los gatos, perros, cerdos y ratas estaban correlacionados entre sí. Este factor de confusión dificultó la interpretación de las OR, pero las OR de perros y gatos fueron más coherentes. Conclusión S. japonicum es endémico en algunas zonas de Filipinas pese a la puesta en práctica de los programas de control. Ello puede deberse a la asociación de la infección en perros y gatos a las infecciones humanas. El control de la infección en esas dos especies no resulta fácil, de ahí la necesidad de desarrollar nuevos métodos para controlar la transmisión a través de todas las especies.
